H
2.7 most significantly: correlation coefficients were approximately 0.45 for males and 0.40 for females and the correlation trended to be stronger as LVM/BSA or LVM/H 2.7 increased. However, a few ECG variables showed a weak correlation with LVM/BSA or LVM/H 2.7 in the hypertensives without left ventricular hypertrophy (LVH). A low sensitivity and high specificity of ECG criteria for the detection of LVH were also derived using receiver operating characteristic curves.
Conclusions:
We conclude that Cornell product and Cornell voltage are the most convenient predictors for LVM/BSA with stratification only by gender. They are also the best parameters for predicting LVH in obese and overweight Chinese hypertensives, whereas estimation of LVM/BSA, LVM/H 2.7 by ECG is inaccurate in
Chinese hypertensives without LVH. The cut-off point of BMI=24 kg/m 2 is suitable for stratification of body weight in further studies regarding Chinese hypertensives.
L eft ventricular hypertrophy (LVH)
is an important predictor of cardiovascular events. [1] [2] [3] In a previous study, we also reported that combined multiple indexes of either voltage or nonvoltage ECG parameters were of prognostic significance for cardiovascular events. 4 Given the prognostic significance of LVH, the accurate measurement of left ventricular mass is crucial.
It is widely known that ECG measurements are affected by age, gender and body mass index (BMI). Along with the rapid growth of the Chinese economy, the lifespan has increased from 65 to 75 since the 1980s. It is evident that emphysema related to increasing age has an impact on the amplitude of surface cardiography. [5] [6] [7] [8] At the same time, more and more Chinese seniors are suffering from hypertension as well as diabetes mellitus and metabolic syndrome. So far as we know, there are no data showing that the correlation reported previously is still applicable to modern Chinese hypertensives. We need to know whether the old ECG indexes may still accurately estimate left ventricular mass index (both as LVM indexed to body surface area, LVM/BSA, g/m 2 , and LVM indexed to height 2.7 , LVM/H 2.7 , g/m 2.7 ), in this population. It has been reported that indexing left ventricular mass to height 2.7 can reduce the errors in estimating the impact of being overweight on the detection of LVH. 9 Is it true that the correlation between ECG variables and LVM/H 2.7 is better than that of LVM/ BSA in Chinese hypertensives? In this retrospective study, we aimed to evaluate the relationship between LVM/BSA and LVM/H 2.7
, measured by echocardiography (Echo), and 12-lead ECG variables in Chinese hypertensives stratified by gender and BMI into obese (BMI ≥28 kg/m 2 ), overweight (BMI ≥24 kg/m 2 and BMI <28 kg/m 2 ), and healthy weight (BMI <24 kg/m 2 ) subgroups, according to Chinese guidelines on the prevention and treatment of dyslipidaemia in adults.
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Methods
Patient population
Between 2004 and 2008, 546 consecutive Chinese hypertensives (325 men, age 22-92 years), diagnosed according to the hypertension guidelines of WHO 2004, were recruited from the inpatient department of the First Affiliated Hospital of Fujian Medical University. Exclusion criteria were patients with: a) chronic cor pulmonale; b) myocardial infarction; c) valvular heart disease; d) bundle branch blocks; e) pre-excitation syndrome; or f) atrial fibrillation or atrial flutter based on clinical history and examination according to relevant guidelines.
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Electrocardiography
All patients had a standard 12-lead ECG recorded at 25 mm/s and 1 mV/cm. Two independent observers who had no knowledge of the Echo parameters interpreted all the ECG tracings. The following ECG measurements were obtained based on inspection with a 4× magnifying lens:
The QRS duration (ms) The inter-and intra-observer variabilities for echo measurements were 6.5 ± 2.5% and 4.5 ± 1.5%, respectively.
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Statistical analysis
SPSS for windows, version 10.0, was used for all statistical analysis. All measurements were expressed as mean ± SD. The significance of the differences between the mean values for men and women was evaluated using two-sided p-values from one-way analysis of variance (ANOVA). When ANOVA was performed, the Bonferroni correction was used to determine the differences among the obese subgroup, overweight subgroup and BMI <24 kg/m 2 subgroup. The Pearson correlation coefficient was also used to assess the strength of the relationship between LVM and various electrocardiographic measurements. The sensitivity and specificity for the detection of LVH at various cut-off points for ECG variables were determined by receiver operating characteristic (ROC) curves and areas under the curve (AUC). A p-value<0.05 was considered to be statistically significant.
Results
Demographic characteristic of hypertensive patients
The population characteristics are summarised in Table 1 . All demographic and anthropometric variables except for age showed significant differences between men and women.
Differences in ECG and Echo parameters with stratification by gender
The gender differences in various ECG measurements and Echo values are shown in Table 1 , most ECG measurements and Echo values were significantly greater in men. (Table 3) , the correlation between ECG variables and Echo values was evaluated after stratification of the study population by gender and by BMI. Firstly, taking the BMI ≥24 kg/m 2 subgroup into consideration, we found that: (p<0.05) when the second criteria were used.
Differences of ECG and Echo parameters with stratification by BMI
The diagnostic accuracy of ECG criteria at various cut-off points for the detection of LVH was analysed by ROC curves (Figure 2) . As Cornell voltage, Cornell product and LVM/BSA were not affected by BMI, the sensitivity and specificity were determined using only stratification by gender when LVH was defined with the first criteria (Table 7) . When LVH was defined with the second criteria, the diagnostic accuracy of various ECG parameters was assessed using stratification of the hypertensive population by gender and by BMI (Tables 8 & 9 ). The specificity for ECG criteria was about 90%, but the sensitivity ranged from only 20-40%.
Discussion
In this study, we evaluated the relationship between various ECG measurements and LVM/BSA and LVM/H 2.7 in Chinese hypertensives after stratification by gender and BMI. All variables except age, Gubner-Ungerleider voltage and LVM/H 2.7 were significantly different between men and women. This was in agreement with previous studies by Salton et al and Carlsson et al. 20, 21 The lower voltages and LVM found in women might be due to the smaller body size of the women. Another reason for the differences in voltage amplitudes between men and women might be the larger distance between the precordial leads and myocardium in women as a result of mammary tissue. LaMonte et al reported that the QRS voltage increased after mastectomy.
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None of the ECG and Echo values were found to be significantly different between the obese and overweight patients. Thus, it would be appropriate to stratify the population by BMI at the cut-off point of 24 kg/m 2 in Chinese hypertensives for further study. In our study, LVM/H 2.7 was not significantly different between male and female hypertensives. There were some advantages when LVM was indexed to height 2.7 . Firstly, it eliminated the gender difference in the normalisation of LVM. This was in accordance with the study by de Simone et al, who also reported that indexation of LVM to BSA erroneously identi- (Hellenic Journal of Cardiology) HJC • 397
LV mass index and ECG variables in hypertensives
fied LVM in overweight adults, whereas when LVM was indexed to height 2.7 the errors in normalisation of LVM for body size was reduced. 9 Secondly, some researchers also demonstrated that LVM/H 2.7 gave a more sensitive estimate of LVH than LVM/BSA.
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Accordingly, we evaluated the relationship between LVM/H 2.7 and ECG measurements as well as that of LVM/BSA.
As shown in Tables 4 and 5 , we found that the correlation between ECG variables and LVM/H 2.7 was similar to that of LVM/BSA. Before stratification of the population, when we examined the relationship between a number of ECG variables and LVM/ BSA and LVM/H 2.7 the strongest correlation coefficient was found for the Cornell product. Carlsson et al and Tragardh et al demonstrated a better correlation between Cornell product and LVM/BSA measured by cardiac magnetic resonance, with correlation coefficients of 0.57 and 0.40, respectively. 21, 27 In our study, the correlation coefficients were rather lower, r=0.395 for LVM/BSA and r=0.373 for LVM/ H 2.7
. The higher accuracy and reproducibility of LVM . measured by cardiac magnetic resonance rather than by M-mode echocardiography might explain the weak relationship in our study. 28, 29 In our study, Cornell voltage and Cornell product, which were only affected by gender, might be the most convenient parameter for predicting LVH. The correlation between LVM/ BSA, LVM/H 2.7 and ECG variables differed when the studied population was subdivided according to sex and BMI. Our study was the first one to stratify the study group by gender and BMI when evaluating the relationship between ECG measurements and LVM/ BSA and LVM/H 2.7 in Chinese hypertensives. Firstly, taking the BMI ≥24 kg/m 2 subgroup into consideration, we found that the Cornell product was the best predictor for the prediction of LVM/BSA and LVM/H 2.7 , while the correlation coefficients for the voltage-duration product were greater than those for simple voltage criteria. This finding agrees with those of Carlsson et al and Okin et al. 21, 30 Previous studies have shown that, during the process of hypertrophy, the factors inducing ventricular hypertrophy would impact myocardial conduction, resulting in a longer time for the depolarisation of the myocardium itself. [31] [32] [33] [34] This may be a possible reason for the higher correlation when the voltage-duration product was applied. The correlation between Cornell voltage, Sokolow-Lyon voltage and LVM/BSA and LVM/H 2.7 was much better than that of Gubner-Ungerleider voltage and Rmax . It may be partially related to an especially hypertrophied pattern or pathophysiology in the patients with BMI ≥24 kg/m 2 . For the patients without LVH, only a few ECG variables showed a weak correlation with LVM/BSA, which was in agreement with a previous study by Lenstrup et al. 36 We can deduce that ECG variables can be used to estimate LVM/BSA or LVM/H 2.7 only in hypertensives with increased left ventricular mass or LVH.
We found that, although the sensitivity was quite low (20-40%), the specificity for these ECG criteria was much higher (approximately 90%) in the detection of LVH, which was in accordance with previous studies. 37, 38 Most of the values for area under the curve (AUC) were greater when the voltage-duration product was considered instead of the voltage amplitude alone. Moreover, the AUC value and sensitivity were higher when LVH was defined with the first criteria, especially in the BMI ≥24 kg/m 2 subgroup, though the correlation coefficients between ECG variables and LVM/H 2.7 were similar to that of LVM/BSA. We thus considered that the second criteria for LVH, 51 g/m 2.7 in men and 47 g/m 2.7 in women, might not be suitable for Chinese hypertensives, as the cut-off point was derived from the learning group, which was recruited in New York and Naples (Italy). 19 The determination of more accurate diagnostic criteria will require further study based on healthy Chinese subjects. ); AUC -area under the receiver-operating characteristic (ROC) curves.
Conclusions
Firstly, Cornell product was found to be the best parameter for the prediction of LVM/BSA and LVM/ H 2.7 in obese and overweight Chinese hypertensives. Secondly, Cornell voltage and Cornell product are the most convenient predictors for LVM/BSA, as they are affected only by gender. Thirdly, estimation of LVM/BSA and LVM/H 2.7 by ECG is inaccurate in Chinese hypertensives without LVH. Finally, the cutoff point of BMI=24 kg/m 2 is suitable for the stratification of body weight in further study regarding Chinese hypertensives.
